Two earlier papers by B. K. Teo and the author [J. Chem. Phys. 83, 6520 (1985); Inorg. Chem. 25, 2315 (1986)] studied circular and spherical clusters in the simplest close-packed structures in two and three dimensions. The present work considers clusters in other fundamental structures (the hexagonal net, diamond), and applies the results to study clusters in related structures (Lonsdaleite, graphite) and in binary arrays with the structure of the idealized ionic crystals NaCl , CsCl , ZnS,
expressions (17) , (19) for clusters in the diamond structure do not appear to have been published before. On the other hand it would not be surprising if they were to be found somewhere in the older literature. The author would appreciate hearing of any references that have been overlooked. Computer programs (such as MACSYMA 6 , 7 ) that are capable of performing algebraic computations now make it particularly easy to manipulate theta-series.
Since the methods are similar to those used in Refs. 1, 2, the treatment here will be brief. Except for diamond we give just an analytic expression for each theta-series, and the number of atoms in the first few shells of the clusters. The nuclearities of the clusters are the partial sums of the latter numbers, and can easily be derived from the information provided, as is illustrated for diamond in Table I .
The same methods may be applied to lattices in spaces of higher dimension; these results are described elsewhere 8 , 9 . However it seems worth giving two particularly appealing examples. The theta-series of the E 8 or Gosset lattice in eight dimensions (with respect to a lattice point) is Θ E 8 (X) = 2 1 _ _ (θ 2 (X) 8 + θ 3 (X) 8 + θ 4 (X) 8 ) .
Comparison of this expression with Eq. (17) shows that E 8 may be regarded as an eightdimensional diamond lattice. The theta-series of the notorious Leech lattice in 24 dimensions (with respect to a lattice point) is
There is no 3D analog of this lattice.
II. Theta-series
Let T be an array of points (or atoms) in Euclidean space (of any number of dimensions). The norm s . s of a vector s is its squared length. The theta-series of T with respect to an arbitrary point P is the formal power-series
The subscript P may be omitted if it is clear from the context. The coefficient of X n in Θ T, P (X), S n say, is therefore the number of atoms in T at squared distance n from P,
i.e. the number of atoms in the spherical shell of radius √  n around P. The partial sum
is the total number of atoms in the spherical cluster of radius √  n centered at P, i.e. the nuclearity or magic number of that cluster.
If T is a binary array, consisting of two types of atoms, say
where T X (resp. T Y ) is the set of atoms of type X (resp. Y), then the bivariate theta-series of T with respect to an arbitrary point P is defined to be
For greater emphasis we sometimes replace X and Y by the symbols for the corresponding elements, as is illustrated in Eqs. (27)-(29).
The symbols Z , Z 2 , Z 3 denote the integer points along a line, the square lattice of points with integer coordinates in 2D, and the simple cubic lattice in 3D, respectively.
The hexagonal lattice in 2D (with coordination number 6, and scaled so that neighboring atoms are at unit distance apart) is denoted by A 2 .
The theta-series of the structures considered in this paper may be conveniently expressed in terms of the seven fundamental functions given in Eqs. (6)- (12) . These are
for any real number a, which is the theta-series with respect to the origin of the 1D array
(θ 2 , θ 3 and θ 4 are particular examples of Jacobi theta-series 12 ); and the theta-series of the hexagonal lattice with respect to an atom, the midpoint of an edge joining two neighboring atoms, and the center of a triangular hole, respectively, which are
Tables 4-6 of Ref. 1 give the first 80 terms in (10)- (12) . The Jacobi theta series θ 2 , θ 3 , θ 4 satisfy numerous identities 1 , 4 , 12 ; these have been used to simplify later formulae whenever possible. We now consider the third regular net, the hexagonal net 6 3 = H 2 ( Fig. 1 , at the end of the paper). H 2 may be regarded as the union of A 2 and a reflected copy of A 2 . Let neighboring atoms be at unit distance apart. Then, using the results in Ref. 1 , it follows that the theta-series of H 2 with respect to an atom, the midpoint of an edge joining neighboring atoms, and the center of a hexagonal hole are respectively 
III. Two-dimensional nets
respectively.
IV. The diamond net
The For the closely related hexagonal diamond or Lonsdaleite net (Fig. 3.35c of Ref . 14) we give just the theta-series with respect to an atom, which on the same scale is 15) . If the distance between layers is a, and the distance between atoms in the same layer is 1, the theta-series of the primitive hexagonal array with respect to an atom is, from (13),
By stacking layers in the sequence ABAB . . . we obtain the ordinary graphite net (p. 922 of Ref. 14) , in which there are two geometrically distinct types of atoms. With respect to an atom which is opposite atoms in the two adjacent layers, the theta-series of graphite is also given by (21) . With respect to an atom which is opposite holes in the two adjacent layers, the theta-series of graphite is
By stacking layers in the order ABCABC . . . we obtain the rhombohedral graphite net (p. 923 of Ref. 14) , in which all atoms are geometrically equivalent. The theta-series with respect to any atom is
VI. Ionic crystal structures
To illustrate the application of theta-series to binary compounds we consider seven of the most regular ionic crystal structures. The first six are pictured on p. 15 of Ref. 20 .
We use the most symmetrical (idealized) versions of these structures, in which the parameters of the unit cell are such as to give the highest coordination number. The same techniques may be applied to more general structures, but the resulting theta-series are not as simple.
The first four examples all follow the same pattern. We begin with the simplest.
(i) The idealized rocksalt (NaCl) structure consists of two types of atoms (Na and Cl, or more generally X and Y) placed alternately at the points of the simple cubic lattice. The theta-series with respect to an X-type atom is (from (45), (53) 
The X-and Y-type atoms are geometrically equivalent, so the theta-series with respect to a Y-type atom is obtained by interchanging X and Y in (24).
(ii) The cesium chloride (CsCl) structure similarly consists of two types of atoms placed alternately at the points of the body-centered cubic (bcc) lattice. The theta-series with respect to an X-type atom is (from (37), (43) 
(iii) The zincblende (ZnS) structure is obtained in the same way from the diamond net.
The theta-series with respect to an X-type atom is (compare Eq. (17)) 
For antifluorite (p. 161 of Ref. 14) we interchange Ca and F in (27) and (28).
(vi) The rutile ( TiO 2 ) structure illustrates how less regular structures may be handled.
Rutile consists of Ti atoms at the positions of the bcc lattice and O atoms at four translates of the simple cubic lattice Z 3 by the amounts
where u ∼ ∼ .30 . The theta-series of the translate 
The coordination number of 6 agrees with 
